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Ambient Diet

Vaginal microbiota (mother)

Skin microbiota    
(mother/father/parents/

babysitter/animals..)

Fecal microbiota  

(mother) 

Native CORE microbiota 

(6-48 months of life)

At birth the human body is (almost) sterile



Microbiota

GUT BARRIER

Acquired
and 

Innate 
immunity

Mucosal
Barrier 

Epithelial 
barrier

Vascular and 
lymphatic systems

Neuroenteric system

Digestive enzymes

Endocrine
system



Virus
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GUT MYCOME

• Yeasts are commensal to the gut at 

low concentrations

• In the healthy gut dominant                     

species are:                                                         

Wallemia, Trichocomaceae, Rhodotorula, Saccharomycetaceae,    

Pleosporaceae, Agaricaceae, Metschnikowiaceae,  

Cystofilobasidiaceae, Ascomycota, Amphisphaeriaceae...

• Yeast’s functions in the gut it is not clear

• Yeasts overgrowth/dysbiosis (related to host genetic 
and physiology, lifestyle, antibiotic usage, immune 
system disfunction) could be pathogenic fo the gut

Dollive S, et al. Genome Biol 2012    Cui et al. Genome Medicine 2013    Thewes S, Mol Microbiol 2007



Ott SJ, et al. Scand J Gastroenterol 2008

GUT MYCOME

Liver Cirrhosis

Candida (33.78%), uncult. fungi 

(12.53%), Aspergillus (7.99%), 

Simplicillium (5.65%), Chaetomium 

(2.46%), Galactomyces (2.33%), 

Rhizopus (1.96%), Wallemia (1.10%),

Fusarium (1.1%), Iodophanus (0.1%), 

Penicillium (0.49%), Saccharomyces 

(25.18%), uncult. Pezizomycotina 

(0.86%), uncult. Pucciniomycotina 

(1.10%), uncult.Agaricomycotina 

(0.74%), Aureobasidium (0.61%), 

Hyphozyma and Asterotremella

(0.49%), Cryptococcus (0.49%), 

Doratomyces (0.37%)



GUT VIROME

Berg Miller et al, Environ Microbiol 2011

• Collection of all viruses of the gut

• Harmful viruses are a minority compared to benign viruses

• Bacterial virus are called bacteriophages

Random pyrosequencing of virus-enriched metagenomes have 

been isolated from bovine rumen. In the bovine rumen have 

been isolated up to 28.000 different viral genotypes; the 

majority (∼78%) of sequences did not match any previously 

described virus

Pro phages outnumbered lytic phages approximately 2:1 

Metabolic profiling revealed an enrichment of sequences with 

putative functional roles in DNA and protein metabolism, but a 

low proportion of sequences assigned to carbohydrate and 

amino acid metabolism 



GUT BACTERIOME

>9 phyla
95% genes identity

>1000 species
99% genes identity

>15000 strains
100% genes identity

900-1200 gr, >5.000.000 genes

Microbiome             Metabolome
Leser et al, Environ Microbiol 2011                      Qin et al, Nature 2011



Hologenome theory of evolution

The object of genomic natural selection is not a single organism, 

but the organism and its microbial communities
Rosenburg et al, 2007

• Vibrio shiloi-mediated bleaching of the coral Oculina

Patagonica (Coral probiotic hypothesis)
Rosenburg and Zilber, 2008

• Commensal bacteria play a role in mate choice by the fruit fly

Drosophila Melanogaster (microbial communities of the fly

altered hydrocarbons, which function as insect pherormones)
Sharon et al; 2010 Ringo et al, 2011

Holobiont: any organism and all its associated symbiotic

microbes (parasites, mutualists, synergists, amensalists)

Hologenome: genes of host and symbiotic microbes



BACTERIAL TAXONOMY
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MOLECULAR BACTERIOLOGY:
most abundant PHYLA in the GUT (>70%)

Eckburg et al, Science 2005

BACTEROIDETES

FIRMICUTES



HUMAN GUT

ENTEROTYPE



of people as lean or obese can be made solely on the basis of their gut 
microbiota with 90% accuracy46,47, but they do not separate into distinct 
microbiota-based clusters on commonly used principal coordinates 
plots, which are used to identify statistical differences between groups. 
Thus, multiple statistical techniques are needed to show fully the differ-
ences in the microbiota between different physiological states (Fig. 2). 

Some differences in the microbiota can contribute directly to disease 
states. Gnotobiotic mice that were raised germ-free then colonized with 
the microbiota from an obese mouse gained fat more rapidly than those 
colonized with the microbiota of a lean mouse7,45. A phenotype can 
emerge from different compositional backgrounds, which may indicate 
that specific components of the microbiota can exert large effects or that 
many different changes can lead to the same functional result. 

Differences in faecal microbial community diversity, composition and 
function have also been correlated with Crohn’s disease9, ulcerative coli-
tis10, irritable bowel syndrome (IBS)48, Clostridium difficile- associated 
disease (CDAD)49 and acute diarrhoea50. Sometimes, the nature of the 
microbiota deviation from health is consistent across individuals with 
the same disease. For instance, a twin study of IBD found marked and 
reproducible deviations in patients with ileal Crohn’s disease relative to 
the controls, and more subtle, but characteristic, changes in patients with 
colonic Crohn’s disease51, and specific functional differences were also 
observed from metabolic profiling of the same samples24. Other diseases 
are associated with marked deviations from health that are inconsistent 
across individuals. For instance, individuals with recurrent CDAD had 
a phylum-level diversity that was very different from controls but not 
similar to each other49. Many disease studies are confounded by extensive 
use of treatments, such as antibiotics, that may obscure true disease-asso-
ciated changes, highlighting the urgent need for prospective longitudinal 
studies that establish cause and effect.

Parallels between host physiological states
Studies of the microbiota often target one specific disease or state, 
but comparisons of the microbiota across many diseases can show 
common changes in the gut environment. Disturbed mucous lay-
ers that line the intestinal cell wall and concomitant inflammation 
are seen in individuals with IBD, coeliac disease, HIV enteropathy, 
acute diarrhoea, diverticulosis, carcinoma and IBS52. Given these 
parallels, an increase or decrease in abundance of similar microbes 
across different disturbances might be expected53, but elucidation 
of these differences may require detailed biogeographical studies 
along the length of the gut — once safe and reliable means for such 
comprehensive sampling are developed. 

Perturbed adult gut microbial communities are intriguingly simi-
lar to infant gut microbial communities. Both systems may represent 
successional communities in which the same opportunistic or fast-
growing species can predominate53. For instance, C. difficile is a 
normal gut resident that can cause disease when antibiotics com-
promise the stable adult gut communities; it also colonizes 2–65% 
of infants, although most infants are asymptomatic54,55. Clostridium 
bolteae and Clostridium symbiosum are also associated with a dis-
turbed gut and systemic infection, and are found in the infant gut53. 
The microbiota of individuals with ileal Crohn’s disease can also 
resemble that of infants: both have increased levels of Ruminococcus 
gnavus and Enterobacteriaceae in their stools, and an under-repre-
sentation of the genera that are prevalent in healthy adults, including 
Faecalibacterium and Roseburia51. These examples show the impor-
tance of understanding whether generally opportunistic members of 
the gut microbiota have a selective advantage during early succession 
or disruption caused by disease, and therefore whether they are the 
side effects of disease rather than causal agents.

Resilience of stable states 
Resilience is the amount of stress or perturbation that a system can 
tolerate before its trajectory changes towards a different equilib-
rium state56. Macroecosystem studies of human interference such as 

resource exploitation, pollution, land-use change and global warm-
ing have shown how ecological systems can be transformed into less 
productive or less desirable states56. For example, in a tropical lake 
community, a regime in which submerged plants dominate is pre-
ferred to one with extensive free-floating plant cover because dense 
mats of floating plants create anoxic conditions that reduce animal 
biomass and diversity. However, pollution can cause floating plants 
to predominate because they are better at competing for light and can 
exclude submerged plants when the nutrient load is high. By under-
standing the environmental drivers of conversion between states, 
interventions can be used to induce a regime change. For example, 
harvesting the floating plants once can induce a permanent shift to 
the submerged-plant-dominant state, but only if the nutrient loading 
is not too high57. 

Environmental studies can provide examples of the microbial 
response to perturbations, and perhaps an insight into how the gut 
microbiota might react. During the Deepwater Horizon oil spill in 
the Gulf of Mexico, the microbial community structure and func-
tional gene repertoire in the deep-sea oil plume shifted, transiently, 
to an enrichment of microbes that were capable of hydrocarbon-
degradation58,59. This is similar to the effect of an extreme dietary 
change on the gut microbiota of mice that were moved from a low-
fat, plant-rich diet to a high-fat, high-sugar diet7. In both cases, the 
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Figure 4 | Functional redundancy. The functional redundancy in microbial 
ecosystems may mirror that in macroecosystems. As shown in the HMP data 
set14, oral communities (top panels) and faecal communities (bottom panels) 
analysed using 16S rRNA (coloured by microbial phyla, left panels) show 
tremendous abundance diversity. The same samples analysed by shotgun 
metagenomics (panels on right) have remarkably similar functional profiles. 
Reprinted with permission from ref. 14.
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of people as lean or obese can be made solely on the basis of their gut 
microbiota with 90% accuracy46,47, but they do not separate into distinct 
microbiota-based clusters on commonly used principal coordinates 
plots, which are used to identify statistical differences between groups. 
Thus, multiple statistical techniques are needed to show fully the differ-
ences in the microbiota between different physiological states (Fig. 2). 

Some differences in the microbiota can contribute directly to disease 
states. Gnotobiotic mice that were raised germ-free then colonized with 
the microbiota from an obese mouse gained fat more rapidly than those 
colonized with the microbiota of a lean mouse7,45. A phenotype can 
emerge from different compositional backgrounds, which may indicate 
that specific components of the microbiota can exert large effects or that 
many different changes can lead to the same functional result. 

Differences in faecal microbial community diversity, composition and 
function have also been correlated with Crohn’s disease9, ulcerative coli-
tis10, irritable bowel syndrome (IBS)48, Clostridium difficile- associated 
disease (CDAD)49 and acute diarrhoea50. Sometimes, the nature of the 
microbiota deviation from health is consistent across individuals with 
the same disease. For instance, a twin study of IBD found marked and 
reproducible deviations in patients with ileal Crohn’s disease relative to 
the controls, and more subtle, but characteristic, changes in patients with 
colonic Crohn’s disease51, and specific functional differences were also 
observed from metabolic profiling of the same samples24. Other diseases 
are associated with marked deviations from health that are inconsistent 
across individuals. For instance, individuals with recurrent CDAD had 
a phylum-level diversity that was very different from controls but not 
similar to each other49. Many disease studies are confounded by extensive 
use of treatments, such as antibiotics, that may obscure true disease-asso-
ciated changes, highlighting the urgent need for prospective longitudinal 
studies that establish cause and effect.

Parallels between host physiological states
Studies of the microbiota often target one specific disease or state, 
but comparisons of the microbiota across many diseases can show 
common changes in the gut environment. Disturbed mucous lay-
ers that line the intestinal cell wall and concomitant inflammation 
are seen in individuals with IBD, coeliac disease, HIV enteropathy, 
acute diarrhoea, diverticulosis, carcinoma and IBS52. Given these 
parallels, an increase or decrease in abundance of similar microbes 
across different disturbances might be expected53, but elucidation 
of these differences may require detailed biogeographical studies 
along the length of the gut — once safe and reliable means for such 
comprehensive sampling are developed. 

Perturbed adult gut microbial communities are intriguingly simi-
lar to infant gut microbial communities. Both systems may represent 
successional communities in which the same opportunistic or fast-
growing species can predominate53. For instance, C. difficile is a 
normal gut resident that can cause disease when antibiotics com-
promise the stable adult gut communities; it also colonizes 2–65% 
of infants, although most infants are asymptomatic54,55. Clostridium 
bolteae and Clostridium symbiosum are also associated with a dis-
turbed gut and systemic infection, and are found in the infant gut53. 
The microbiota of individuals with ileal Crohn’s disease can also 
resemble that of infants: both have increased levels of Ruminococcus 
gnavus and Enterobacteriaceae in their stools, and an under-repre-
sentation of the genera that are prevalent in healthy adults, including 
Faecalibacterium and Roseburia51. These examples show the impor-
tance of understanding whether generally opportunistic members of 
the gut microbiota have a selective advantage during early succession 
or disruption caused by disease, and therefore whether they are the 
side effects of disease rather than causal agents.

Resilience of stable states 
Resilience is the amount of stress or perturbation that a system can 
tolerate before its trajectory changes towards a different equilib-
rium state56. Macroecosystem studies of human interference such as 

resource exploitation, pollution, land-use change and global warm-
ing have shown how ecological systems can be transformed into less 
productive or less desirable states56. For example, in a tropical lake 
community, a regime in which submerged plants dominate is pre-
ferred to one with extensive free-floating plant cover because dense 
mats of floating plants create anoxic conditions that reduce animal 
biomass and diversity. However, pollution can cause floating plants 
to predominate because they are better at competing for light and can 
exclude submerged plants when the nutrient load is high. By under-
standing the environmental drivers of conversion between states, 
interventions can be used to induce a regime change. For example, 
harvesting the floating plants once can induce a permanent shift to 
the submerged-plant-dominant state, but only if the nutrient loading 
is not too high57. 

Environmental studies can provide examples of the microbial 
response to perturbations, and perhaps an insight into how the gut 
microbiota might react. During the Deepwater Horizon oil spill in 
the Gulf of Mexico, the microbial community structure and func-
tional gene repertoire in the deep-sea oil plume shifted, transiently, 
to an enrichment of microbes that were capable of hydrocarbon-
degradation58,59. This is similar to the effect of an extreme dietary 
change on the gut microbiota of mice that were moved from a low-
fat, plant-rich diet to a high-fat, high-sugar diet7. In both cases, the 
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Figure 4 | Functional redundancy. The functional redundancy in microbial 
ecosystems may mirror that in macroecosystems. As shown in the HMP data 
set14, oral communities (top panels) and faecal communities (bottom panels) 
analysed using 16S rRNA (coloured by microbial phyla, left panels) show 
tremendous abundance diversity. The same samples analysed by shotgun 
metagenomics (panels on right) have remarkably similar functional profiles. 
Reprinted with permission from ref. 14.
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Lozupone et al. Nature 2012

Phylum level diversity can have

a marked variation even across

healthy adults in the same

population. Each individual has

many unique phylotypes not

found in the other.

INDIVIDUAL ENTEROTYPE



U.S. adults sampled >5 times up to 296 weeks apart revealed that they harbored 

195±48 bacterial strains, representing 101 ± 27 species

..in stable conditions, microbiota is stable, with 60% of strains 

remaining over the course of 5 years: stable core of dominant 

species



Abundance of 22 microbial clusters 

significantly changed while on the 

animal-based diet (especially 

Firmicutes, Bacteroidetes, 

Proteobacteria, Tenericutes, 

Verrucomicrobia)

Only 3 clusters showed significant 

abundance changes while on the plant-

based diet

Prevotella spp reduced in 

vegetarians after animal-based diet

Animal-based diet had a greater impact on the 

gut microbiota than the plant-based diet

David – Nature 2013



David – Nature 2013

The human gut microbiome can rapidly switch between

herbivorous and carnivorous functional profiles

It may reflect past selective pressures during human

evolution

Microbial communities that could quickly, and

appropriately, shift their functional repertoire in response to

diet change would have subsequently enhanced human

dietary flexibility

Examples of this flexibility may persist today in the form

of the wide diversity of modern human diets



Microbiota composition is affected by life events

Ottmann N  et al. Front Cell Infect Microb 2012



…specific effects in each GI tract!

EFFECTS OF GUT MICROBIOTA ON 

HOST HEALTH

Barrier effect 

Immunocompetence/Tolerance

Synthesis

Metabolism

Drug metabolism

Behavior conditioning



Small Bowel

EFFECTS OF GUT MICROBIOTA ON 

HOST HEALTH

Barrier effect 
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Behavior conditioning



Lifelong immunostimulation by enteric 

commensal and pathogenic bacteria

Maynard CL et al. Nature 2012



Colon

EFFECTS OF GUT MICROBIOTA ON 

HOST HEALTH

Barrier effect 

Immunocompetence/Tolerance

Synthesis

Metabolism

Drug metabolism

Behavior conditioning



Ibrahim M et al, 

Bioch Bioph Res Comm 2012

Microbiota plays an 

essential role in 

catabolism of dietary 

fibers into 

metabolizable 

monosaccharides and 

disaccharides. 

CARBOHYDRATES

METABOLISM



HJ Flint et al. Nature Review Microbiol 2008

GUT microbiota of ruminant has a powerful 

metabolic action: herbivores derive 70% of their 

energy intake from microbial breakdown of 

dietary plant polysaccharides



‘‘NUTRIENT SENSOR PATHWAY’’

Tilg H, J Hepatology 2010
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MUCO-EPITHELIAL BARRIER



• The inner mucus layer is 

dense and does not allow 

bacteria to penetrate, thus 

keeping the epithelial cell 

surface free from bacteria

• The inner mucus layer is 

converted into the outer layer, 

which is the habitat of the 

commensal flora
Epithelial cells

Loosely 

adherent mucus 

layer

Firmly adherent 

mucus layer

Good 

bacteria

IMPORTANCE OF THE MUCUS LAYERS

Johansson, M.E., Proc Natl Acad Sci U S A, 2010



GUT MICROBIOTA HAS TO BE 

UNDER CONTROL

Mucosal barrier integrity

 Secretion of : 

 Gastric acid

 Biliary salts

 Antimicrobial substances

Mucosal pH 

Local mucosal and systemic immunity

 Intestinal motility 

 Interactions among different bacteria species



Failure of MICROBIOTA control’s mechanisms

Quali-quantitative alterations of oral, 

esophageal, gastric, small bowel and/or 

colonic microbiota

DYSBIOSIS

Digestive and extradigestive diseases

EUBIOSIS



DYSBIOSIS

LEAKY GUT 



A LEAKY GUT COULD BE:

1. PHYSIOLOGICAL

2. PATHOLOGICAL



Summa, Plos One 2013

CIRCADIAN CLOCK affects Intestinal

Permeability

CIRCADIAN CLOCK affects Intestinal

Permeability

WT: Wild-type mice

C: Genetic disruption of

circadian clock



Lambert GP, J Anim Science 2009

SPORT affects Intestinal PermeabilitySPORT affects Intestinal Permeability



Farhadi  A, J Gast Hepatol 2003

STRESS affects Intestinal PermeabilitySTRESS affects Intestinal Permeability



Shimizu M, Biosci Biotechnol Biochem 2010

FOOD affects Intestinal PermeabilityFOOD affects Intestinal Permeability

Food factors

Internal factors

Medium chain fatty acids

OPEN CLOSE

Diterpene 

glycoside

(sweet pepper)

Beta-casein-derived 

peptide

Beta-lactoglobulin

Gamma-linolenic acid, EPA

Piperin (pepper)

Polycation (protamine)

Saponin



ALCOHOL affects Intestinal Permeability

Szabo G et al. Dig Dis 2010

Szabo G et al. Dig Dis 2010



 Non caloric artificial sweetners (NAS: SACHARIN, 

SUCRALOSE, ASPARTAME) drive development of glucose

intolerance through induction of compositional and functional

alterations of gut microbiota

 NAS-mediated effects can be abrogated by antibiotic treatment

 NAS-mediated effects are fully transferrable to germ free mice 

upon transplantation of microbiota from NAS consuming mice 

or of microbiota anaerobically incubated in presence of NAS

ARTIFICIAL SWEETENERS affects

MICROBIOTA COMPOSITION

ARTIFICIAL SWEETENERS affects

MICROBIOTA COMPOSITION

Suez et al, Nature september 2014

CALLING FOR A REASSESSMENT OF 

MASSIVE SWEETENERS USAGE



A LEAKY GUT COULD BE:

1. PHYSIOLOGICAL

2. PATHOLOGICAL



• Burns and trauma

• Major vascular surgery

• Sepsis

• MOF

• Renal failure

• Diabetes/Metabolic syndrome

• Joint disease

• Autoimmune diseases

• Psychiatric pathologies

• Heart and lung diseases

• Coeliac disease

• IBD/IBS

• Food allergy

• Acute gastroenteritis

• Radiation enteritis

• Intestinal by-pass

• Intestinal obstruction

• Peritonitis

• Wipple’s disease

• Liver Diseases

Human diseases associated to 

LEAKY GUT/DYSBIOSIS



Digestive diseases associated to 

DYSBIOSIS/LEAKY GUT

• Gastrointestinal infections

• Irritable Bowel Syndrome 

• Intestinal Bacterial Overgrowth

• Diverticulosis

• Inflammatory Bowel Diseases

• Gastro-intestinal Cancers

• Food Intolerance/Allergy

• Celiac disease

• Liver diseases

• Pancreatic diseases

• Obesity, Diabetes and Metabolic Syndrome



Digestive diseases associated to 

DYSBIOSIS/LEAKY GUT

• Gastrointestinal infections

• Irritable Bowel Syndrome 

• Intestinal Bacterial Overgrowth

• Diverticulosis

• Inflammatory Bowel Diseases

• Gastro-intestinal Cancers

• Food Intolerance/Allergy

• Celiac disease

• Liver diseases

• Pancreatic diseases

• Obesity, Diabetes and Metabolic Syndrome



INTESTINAL BACTERIAL OVERGROWTH

Lin, JAMA 2004Fermentation and gas production



GUT MICROBIOTA IN IBS

Rajilic-Stojanovic - Gastroenterology 2011

Human intestinal tract chip 

(HITChip) is  a comprehensive 

and highly reproducible 

phylogenetic microarray that 

enables the parallel profiling and 

semi-quantitative analysis of 

>1000 representative intestinal 

phylotypes

Microbiota of IBS 

and healthy subjects 

are significantly 

different (P =0.0005)

HC

IBS



Digestive diseases associated to 

DYSBIOSIS/LEAKY GUT

• Gastrointestinal infections

• Irritable Bowel Syndrome 

• Intestinal Bacterial Overgrowth

• Diverticulosis

• Inflammatory Bowel Diseases

• Gastro-intestinal Cancers

• Food Intolerance/Allergy

• Celiac disease

• Liver diseases

• Pancreatic diseases

• Obesity, Diabetes and Metabolic Syndrome



Junjie Qin et al, Nature 2010

Bacterial abundance is reduced in IBD



Daniel N. Frank et al, PNAS 2007 

Bacterial variety in IBD human mucosa



Under-represented bacterial species in 

IBD mucosa

Other species under-represented

Sokol et al, PNAS 2008 yes not explored

Qin et al, Nature 2010 yes yes (and more)

Dicksved et al. PhD yes Subdoligranulum sp, Roseburia sp.

Kang et al, IBD 2010 yes Ruminococcus sp, Bacteroides group.

Mondot et al, IBD 2010 yes Subdoligranulum sp, Ruminococcus sp.

Oscillibacter sp, Bifidobacterium sp,.. 

Joossens et al. PhD yes Ruminococcus sp, Bifidobacterium sp,..

Reference
Fecalibacterium 

prausnitzii 



TRUC mice, deficient 

for Tbet and Rag

Colitic phenotype could be transmitted 

vertically to progeny of affected parents 

and horizontally to unrelated animals

TRANSMISSION of the COLITIC PHENOTYPE

Garrett, Cell 2007



Digestive diseases associated to 

DYSBIOSIS/LEAKY GUT

• Gastrointestinal infections

• Irritable Bowel Syndrome 

• Intestinal Bacterial Overgrowth

• Diverticulosis

• Inflammatory Bowel Diseases

• Gastro-intestinal Cancers

• Food Intolerance/Allergy

• Celiac disease

• Liver diseases

• Pancreatic diseases

• Obesity, Diabetes and Metabolic Syndrome



50Sanchez – Appl Environ Microbiol 2013

Untreated CD VS GFD-CD VS HC (children)

16S rRNA Gene Sequencing 

Higher fecal microbiota diversity in untreated CD

Untreated CD VS others

Proteobacteria (10.6 VS 2.4%)

Enterobacteriaceae

(15.5 VS 4.8%)

Staphylococcaceae (22.5 VS

9.6% -K. oxytoca, S. epidermidis, S.

pausterii

Firmicutes (73.2 VS 91.6%)

Gut microbiota and CD: going omics



51Sanchez – BMC Gastro 2008

Focus on fecal Enterobacteriaceae in CD children

 Fecal samples by active CD vs non-active CD vs 11 Healthy Children

 Enterobacteriaceae assessment by API20E system + PCR

 Prevalence of 8 virulence-associated genes determined by PCR

Non-E. coli clones

N° of E. coli 

virulence genes 

Active and non-active CD pts VS HC



52

Does HLA genotype influence 

microbiota?



53Olivares  - Gut 2014

 Breastfed/vaginally delivered infants with one first-degree CD relative

 HLA-DQ2 VS non-HLA-DQ2/8 carriers

 16S rRNA gene Pyrosequencing + qRT PCR

DQ2 vs Non DQ2/8 - Genus level 

Bifidobacterium 

Unclassified Bifidobacteriaceae 

Corynebacterium; Gemella

Clostridium sensu stricto,

Unclassified Clostridiaceae

Unclassified Enterobacteriaceae 

Raoultella



54Olivares – Eur J Nutr 2014

Is CD mother’s milk microbiota different?

 Breast-milk samples from 12 CD mothers and 12 HC

 Cytokines and ss-IgA  analyzed by bead-arrays and flow cytometry

 Human milk oligosaccharides assessed by capillary electrophoresis 

 Breast-milk microbiota analyzed by PCR and qRT-PCR

Breast milk’s microbiota in CD mothers VS HC 

IL12

TGF-b

sIgA

IFN

Bifidobacterium spp

Bacteroides fragilis
Lacto-N-tetraose



55

Human Gut Gluten-degrading Microbiome

Caminero  - FEMS Microbiol Ecol 2014

22 human faecal samples cultured with gluten

144 strains isolated

94 strains are able to metabolise gluten

61 strains have extracellular proteolytic activity against gluten 

proteins

Several strains: peptidasic activity towards the 33-mer peptide

Microbiota affects gluten metabolism



56

Human Oral Gluten-degrading Microbiome

 Saliva from healthy donors → Bacteria culture → 16S rDNA

identification of bacteria

 Substrates: 5 gliadin-derived synthetic tripeptide enzyme

substrates; intact gliadins, 33-mer peptide

Identification of gluten-degrading species
 Rothia mucilaginosa HOT-681

 Rothia aeria HOT-188,

 Actinomyces odontolyticus HOT-701

 Streptococcus mitis HOT-677

 Streptococcus sp . HOT-071,

 Neisseria mucosa  HOT-682

 Capnocytophaga sputigena HOT-775

Rothia species active in all assays Fernandez-Feo, Clin Microbiol Infect  2013

Microbiota affects gluten metabolism



57
De Palma– Br J Nutr 2009

30 days of GFD in healthy people

Bifidobacterium

C. lituseburense 

F. prausnitzii

Bifidobacterium

Lactobacillus

Enterobacteriaceae 

E.coli

FISH

qPCR

Microbiota & GFD: healthy people
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Pay attention to unjustified GFD!

Gluten avoidance may reduce beneficial gut 

bacteria thus affecting immune-metabolic  

responses in healthy people



Digestive diseases associated to 

DYSBIOSIS/LEAKY GUT

• Gastrointestinal infections

• Irritable Bowel Syndrome 

• Intestinal Bacterial Overgrowth

• Diverticulosis

• Inflammatory Bowel Diseases

• Gastro-intestinal Cancers

• Food Intolerance/Allergy

• Celiac disease

• Liver diseases

• Pancreatic diseases

• Obesity, Diabetes and Metabolic Syndrome



GI Cancers associated to DYSBIOSIS

• Oral cavity

• Esophagus

• Stomach

• Small Bowel

• Colon

• Liver 

• Pancreas



Gastric Cancer

H. pylori



ColoRectal Cancers

Other 

Familiarities

15-20%

Sporadic 

Forms

75%

Genetic Syndromes

(FAP, HNPCC...)

4-5%

Feuer EJ: DEVCAN: National CA Inst. 1999



Risk factors for Colon Cancer

 Genetic factors

 Ageing

 Smoking

 Alcool

 Diet

 Obesity/Metabolic syndrome/Diabetes

 Chronic inflammation

Characterized by severe DYSBIOSIS



CRC epidemiological studies

Low risk of 

colon cancer

High risk of 

colon cancer

Africans

Japaneses

Americans

Europeans

Westernized diet
US-Japaneses

US-Africans



Red meat

High dietary sulfur

Growth of sulfur-reducing bacteria 

Desulfovibrio vulgaris

Hydrogen sulphide
Impairs 

cytochrome 

oxidase

Butyrate 

utilization

Syntesis 

of mucus

Methylation 

of DNA

Free 

radicals

Christl et al. Gut 1992

Co-carcinogen

Diet, Microbiota and Carcinogens

http://images.google.it/imgres?imgurl=http://fitness.ethicsport.it/wp-content/uploads/2008/04/bistecca-3x2.jpg&imgrefurl=http://fitness.ethicsport.it/dallamerica-le-bistecche-clonate/&usg=__e_I5lqXvVaY3uKjKFmATURTi3GU=&h=246&w=300&sz=29&hl=it&start=114&tbnid=-osna__dw_PgzM:&tbnh=95&tbnw=116&prev=/images?q=bistecca&gbv=2&ndsp=20&hl=it&sa=N&start=100
http://images.google.it/imgres?imgurl=http://fitness.ethicsport.it/wp-content/uploads/2008/04/bistecca-3x2.jpg&imgrefurl=http://fitness.ethicsport.it/dallamerica-le-bistecche-clonate/&usg=__e_I5lqXvVaY3uKjKFmATURTi3GU=&h=246&w=300&sz=29&hl=it&start=114&tbnid=-osna__dw_PgzM:&tbnh=95&tbnw=116&prev=/images?q=bistecca&gbv=2&ndsp=20&hl=it&sa=N&start=100


High Fat Diet

Syntesis and enterohepatic 

circulation of   cholic acid

7α-dehydroxylating 

bacteria (clostridia)

Deoxycholic acid

Co-carcinogen

Chronic 

Inflammation
Cancer risk

Nagengast Eur J Cancer 1995
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How gut microbiota could contribute 

to CRC development?

New insights from

deep-sequencing technologies



Zu – Plos One 2014

CRC VS HEALTHY RATS

CRC

healthy

Bacteroidetes 

Spirochetes

Prevotella 

Lactobacillus 

Treponema 

Ruminococcus

Roseburia 

Eubacterium

Firmicutes

Proteobacteria

Desulfovibrio

Erysipelotrichaceae

Fusobacterium

Fusobacteria were not 

detected in any of the 

healthy rats



FUSOBACTERIUM NUCLEATUM AND CRC

Guilty player or innocent bystander?

Overabundance    

of Fusobacterium 

sequences in 

tumors

Kostic – Genome Res 2011

qPCR analysis from 99 tumor/normal pairs



Kostic – Cell Host Microbe 2013

Through recruitment of 

tumor-infiltrating immune 

cells, Fusobacteria generate a 

proinflammatory 

microenvironment that is 

conducive for colorectal 

neoplasia progression

ApcMin/+ mouse model of intestinal tumorigenesis

Tumors from ApcMin/+ mice exposed to F. nucleatum exhibit a 

pro-inflammatory expression signature

F. nucleatum increases tumor multiplicity and selectively recruits 

tumor-infiltrating myeloid cells, which promote tumor progression



1. The colonic microbial community is 

highly complex

2. Bacteria could have pro and anti 

carcinogenic effects 
– pro-oncogenic microbiota

– anti-oncogenic microbiota 



Sears – J Infect Dis 2011

PRO-ONCOGENIC MICROBIOTA:

The ALPHA-BUG model

Bacteria with virulent properties (Alpha-bugs)

e.g. enterotoxigenic Bacteroides fragilis (ETBF)
Directly pro-oncogenic

Capable of remodeling the colonic bacterial community

Enhances and promotes mucosal immune responses and 

epithelial changes resulting in colon cancer

Alpha-bug does not act alone but co-opts the microbial

community

Alpha-bugs enhances carcinogenesis by selectively

‘‘crowding out’’cancer-protective microbial species



Colonic mucosa of patients at CRC-risk is colonized by pathogenic 

Bacteroidetes (e.g. enterotoxigenic Bacteroides fragilis) that can 

function as ‘drivers’ of CRC through: 1. persistent inflammation; 2. 

stimulation of cell proliferation; 3. production of genotoxic substances

The DRIVER-PASSENGER model

Tjalsma – Nat Rev Microbiol 2012



Digestive diseases associated to 

DYSBIOSIS/LEAKY GUT

• Gastrointestinal infections

• Irritable Bowel Syndrome 

• Intestinal Bacterial Overgrowth

• Diverticulosis

• Inflammatory Bowel Diseases

• Gastro-intestinal Cancers

• Food Intolerance/Allergy

• Celiac disease

• Liver diseases

• Pancreatic diseases

• Obesity, Diabetes and Metabolic Syndrome



…LIVER IS CONTINUALLY EXPOSED TO GUT-DERIVED 

FACTORS INCLUDING BACTERIA AND BACTERIAL 

COMPONENTS

70% OF LIVER BLOOD 

SUPPLY IS THE DIRECT 

VENOUS OUTFLOW OF THE 

INTESTINE

Gut-liver axis 



Bacterial or bacterial antigens traslocation

Intestinal bacterial 

overgrowth

Increased intestinal 

permeability

Pathological liver-gut axis 

LPS translocation in the portal 

bloodstream could activate hepatic fibrosis

Gomez Hurtado I et al, PLoS ONE 2011               Seki et al, J Physiol 2011

Thalheimer et al., Eur J Gastroenterol Hepatol 2010

Portal hypertension



ETOH NAFLD
HBV/HCV

HCC

Auto 

immunity

Encephalopathy

Iron.. Portal 

hypertension

DYSBIOSIS

+                 

LEAKY 

GUT

HRS

Ascites/PBS



Currently available major human 

microbiome gene setsQin, Nature sept 2014

 A novel gut gene 

catalogue for Liver 

Cirrhosis

 Comparison with 

MetaHIT, Human 

Microbiome Project,       

T2D catalogues

 2.69 million genes:        

36.1% are novel



On the basis of only 15 

biomarkers, a highly accurate 

Patient Discrimination Index (PDI) 

was created and validated on an 

independent cohort

Biomarkers specific to cirrhosis 

are revealed by a comparison with 

those for T2M and IBD

Cirrhosis, T2D and IBD 

displayed a relatively unique 

profile, even if some markers were 

shared 



 Cirrhotics undergoing paracentesis provided ascites

 Samples treated with Propidium Monoazide to exclude 

non-viable bacterial DNA

 Bacterial load was quantified by 16S rRNA Q-PCR with 

species identity and relative abundance was determined by 

16S rRNA gene pyrosequencing

 Correlation of molecular microbiology data with clinical 

measures and diagnostic microbiology was performed

Rogers, PLOS one 2013



Samples analyzed are negative for bacterial growth based on 

standard microbiological tests

Not viable anaerobic bacteria and viable aerobic bacteria are 

present in the ascites of a majority of patients with cirrhosis 

including those with no clinical signs of infection

Viable bacterial signal was obtained in 84% of ascites 

samples, both by Q-PCR and pyrosequencing

Approximately 190,000 ribosomal pyrosequences were 

obtained, representing 236 species, including both gut and 

non gut-associated species



Digestive diseases associated to 

DYSBIOSIS/LEAKY GUT

• Gastrointestinal infections

• Irritable Bowel Syndrome 

• Intestinal Bacterial Overgrowth

• Diverticulosis

• Inflammatory Bowel Diseases

• Gastro-intestinal Cancers

• Food Intolerance/Allergy

• Celiac disease

• Liver diseases

• Pancreatic diseases

• Obesity, Diabetes and Metabolic Syndrome



Gut microbiota in obese humans

Changes in gut microbial ecology
• Reduction in Bacteroidetes and proportional increase in Firmicutes

• Dramatic fall of overall diversity

• Bloom of a single class of Firmicutes: the Mollicutes

Alteration of metabolic potential
• Enrichment for phosphotransferase systems

• Enrichment for genes encoding beta-fructosidases 

Consequences
• Increased capacity to import “Western-diet”-typical carbohydrates 

• Increased capacity to metabolize imported sugars 

Tilg H, Gatroenterology 2009



Microbiota transmit adiposity phenotype

Ridaura et al. Science 2013

Walker AW et al. Science 2013

TRANSFERRED INTO THE 

INTESTINES

OF GERM-FREE MICE 

(Ob) twin + mice = adiposity 

(Ln) twin + mice =  adiposity 

Fecal microbiota from 4 human female twin pairs discordant for obesity

COHOUSING

(Ob) twin transplanted mice + (Ln) 

twin transplanted mice = 

(Ob) mice became LEAN

(Ln) mice remain LEAN

TRANSMISSIBILITY 

OF INTESTINAL MICROBES 

AND ADIPOSITY PHENOTYPE 

ARE TIGHTLY LINKED



De Gottardi A, J Hepatology 2011

Microbiota transmits                  

hepatosteatogenic phenotype

Colonization of germ-free mice with a microbial 

population from obese mice stimulates triglyceride 

synthesis and glycogenesis in the liver

Delzenne et al., Nat Rev Endocrinol 2011Abu-Shanab et al., Nat Rev Gast Hep 2011



Everard – PNAS 2013

Akkermansia muciniphila is 

a mucin-degrading bacteria 

that resides in the mucus 

layer

Lower abundance of A. 

muciniphila in leptin-deficient 

obese than in lean mice

100-fold decrease of A. 

muciniphila in high-fat-fed 

mice Control diet-fed mice (CT); CT mice treated with

prebiotics (CT-Pre); HF diet-fed mice (HF)

HF diet-fed mice treated with prebiotics (HF-Pre)

Obesity an infectious disease?



Digestive diseases associated to 

DYSBIOSIS/LEAKY GUT

• Irritable Bowel Syndrome 

• Intestinal Bacterial Overgrowth

• Diverticulosis

• Inflammatory Bowel Diseases

• Gastro-intestinal Cancers

• Food Intolerance/Allergy

• Celiac disease

• Liver diseases

• Pancreatic diseases

• Obesity, Diabetes and Metabolic Syndrome

• Mood and Behavior



Gut Microbiota, mood and behavior  

Collins S, et al 2013 Dash et al 2010 Mutlu 2009

Behavioral phenotype can be transferred via gut

microbiota in mice

Changes in behavior in recipient mice are accompanied

by changes in brain chemistry

Gut commensal bacteria or their products may be used

to treat CNS disorders

Microbiota is altered in Autism and Down’s syndrome

Dysbiosis and leaky gut correlates with behavioral

markers of alcohol dependance seevity

Microbiota-gut-brain liver axis



HOW to MANTAIN AN HEALTHY 

GUT BARRIER?

HOW to MANTAIN AN HEALTHY 

GUT BARRIER?

Gut microbiota Mucosal immune system

Muco-epithelial 

barrier

Vascular pathway Neuroendocrine/

Neuroenteric  

Systems



Diet and Nutritional Support

Caloric amount, minerals, vitamins..

Diet composition (fibers/high glicemic index/saturated fatty acids…)

Removal of predisposing conditions

Treat diabetes, endocrine, other motility disorders..

Surgery or prokinetics when indicated

Stop PPI or other antiacid, NSAIDs, antibiotic, 

immunosoppressant, antidepressant….

Intervention

Antibiotics

Biotherapy Fecal Microbiota Transplantation

How can we modulate GUT microbiota?



Diet and Nutritional Support

Caloric amount, minerals, vitamins..

Diet composition (fibers/high glicemic index/saturated fatty acids…)

Removal of predisposing conditions

Treat diabetes, endocrine, other motility disorders..

Surgery or prokinetics when indicated

Stop PPI or other antiacid, NSAIDs, antibiotic, 

immunosoppressant, antidepressant….

Intervention

Antibiotics

Biotherapy Fecal Microbiota Transplantation

How can we modulate GUT microbiota?



Bass et al. N Eng J Med 2010

Secondary end point:

RIFAXIMIN SIGNIFICANTLY 

REDUCED THE RISK OF 

HOSPITALIZATION 

INVOLVING HEPATIC 

ENCEPHALOPATHY
hazard ratio 0.50 relative risk reduction 50%

Primary end point:

RIFAXIMIN MAINTAINED 

REMISSION FROM HEPATIC

ENCEPHALOPATHY MORE 

EFFECTIVELY THAN DID 

PLACEBO FOR A 6-MONTH 

PERIODS
hazard ratio 0.42 relative risk reduction 58%



20

40

60

80

100

0 3 6 9
months

…however: USUALLY DYSBIOSIS RECURS AFTER 

TREATMENT

Pts (N=61) 3 months 6 months 9 months 

Recurrence rate %
(I.C. 95%)

13.1
(4.6-21.6)

27.9
(16.6-39.2)

42.6
(30.2-55.0)

%

Lauritano EC, Gasbarrini A et al, Am J Gastro 2008



Diet and Nutritional Support

Caloric amount, minerals, vitamins..

Diet composition (fibers/high glicemic index/saturated fatty acids…)

Removal of predisposing conditions

Treat diabetes, endocrine, other motility disorders..

Surgery or prokinetics when indicated

Stop PPI or other antiacid, NSAIDs, antibiotic, 

immunosoppressant, antidepressant….

Intervention

Antibiotics

Biotherapy (prebiotics, probiotis, postbiotics)

How can we modulate GUT microbiota?



Lactobacillus spp
• casei spp (Rhamnosus, DN..)
• reuteri
• acidophilus
• shirota
• delbrueckii, sp. Bulgaricus
• brevis
• plantarum

Bifidobacterium spp
• bifidum
• infantum
• longum
• thermophilum
• lactis

PROBIOTICS: 

classification 

Cocci gram-positive
• Streptococcus thermophilus
• Enterococcus faecium
• Streptococcus intermedieus
• Streptococcus alfa-emoliticus

Bacillus gram-negative
• Escherichia coli Nissle (1917)

Guarino A. Bruzzese E. 2001; FAO/WHO, 2001

Bacillus gram-positive
• Bacillus clausii

Yeast
• Saccharomyces boulardii



Evidence for Probiotics usage in GI diseases?

Reduction of Antibiotic-associated Diarrhea

Prevention and treatment of Infectious Diarrhea

Prevention and treatment of Pouchitis

Treatment of H. pylori infection

Treatment of Small Intestine Bacterial Overgrowth

Treatment of Sugar Intolerance

 Induction and mantainance of remission in IBD

 Prevention of Colon Cancer



Need for a Strain Specific 

Microbial Therapy

Different action for each Probiotic:
Knowledge of micro-organism functions and host genetic 

modulation by different Species/Strain is crucial



DOMINIUM EUKARIOTA

REGNUM FUNGI

PHYLUM ASCOMICOTA

CLASSE EUROTIOMICETES

ORDO EUROTIALES

FAMILIA TRICHOCOMACEAE

SPECIES PENICILLIUM

SUBSPECIES PENICILLIUM GLAUCUM

Penicillium Galucum

Utilizzato per la produzione del Gorgonzola



DOMINIUM EUKARIOTA

REGNUM FUNGI

PHYLUM ASCOMICOTA

CLASSE EUROTIOMICETES

ORDO EUROTIALES

FAMILIA TRICHOCOMACEAE

SPECIES PENICILLIUM

SUBSPECIES PENICILLIUM CAMEMBERTI

Penicillium Camemberti

Utilizzato per la produzione del Camembert e del Brie



DOMINIUM EUKARIOTA

REGNUM FUNGI

PHYLUM ASCOMICOTA

CLASSE EUROTIOMICETES

ORDO EUROTIALES

FAMILIA TRICHOCOMACEAE

SPECIES PENICILLIUM

SUBSPECIES PENICILLIUM NOTATUM (Chrysogenum)

Penicillium Notatum

Produce la Penicillina



..waiting NEXT GENERATION 

PROBIOTICS

1. Faecalibacterium Prausnitzii

2. Akkermansia Muciniphila

3. Eubacterium halii

4. …



DOMINIUM PROKARIOTA

REGNUM BACTERIA

PHYLUM FIRMICUTES

CLASSE CLOSTRIDIA

ORDO CLOSTRIDIALES

FAMILIA CLOSTRIDIACEAE

SPECIES FAECALIBACTERIUM 

SUBSPECIES FAECALIBACTERIUM PRAUSNITZII

Faecalibacterium prausnitzii



 Gram positive, anaerobic bacterium. Among the 

most abundant anaerobic bacteria in the human gut 

microbiota, with a proportion of around 5% of total 

bacteria in faeces

 It produces SCFA, particularly Butyrate, primary 

energy source for intestinal epithelial cells and crucial 

for maintenance of barrier integrity

 It has a strong anti-inflammatory effect both in vitro 

and in vivo

Cao Y, Gastroenterol Res Pract. 2014

Duncan, Appl Environ Microbiol, 2002

Faecalibacterium prausnitzii



 11 studies included

 Significantly lower F. prausnitzii

counts in IBD patients versus 

controls

Reduction of  F. prausnitzii links to 

dysbiosis of gut microbiota in IBD 

patients, especially CD patients

with ileal involvement

Cao, Gastroenterol Res. Pract 2014



DOMINIUM PROKARIOTA

REGNUM BACTERIA

PHYLUM VERRUCOMICROBIA

CLASSE VERRUCOMICROBIAE

ORDO VERRUCOMICROBIALES

FAMILIA VERRUCOMICROBIACEAE

SPECIES AKKERMANSIA

SUBSPECIES AKKERMANSIA MUCINIPHILA

Akkermansia muciniphila



Akkermansia muciniphila

 Gram-negative bacterium, 

mucin-degrading bacteria that 

resides in the mucus layer

 Its  genome contains 

numerous candidate 

mucinase-encoding genes

A. muciniphila produces 

several proteins involved in 

the different steps of mucin 

degradation

Tilg, GUT 2014

Everard, PNAS 2013

Van Passel MW,  Plos One 2011

Derrien M, Appl Environ Microbiol. 2008

Collado MC, Appl Environ Microbiol. 2011



 It is a dominant human 

bacterium that abundantly 

colonizes this nutrient-rich 

environment 

 It may represent 3–5% of 

the microbial community in 

healthy subjects

 Its abundance inversely 

correlates with body weight 

and diabetes in mice and 

humans

Akkermansia muciniphila

Tilg, GUT 2014

Everard, PNAS 2013

Van Passel MW,  Plos One 2011

Derrien M, Appl Environ Microbiol. 2008

Collado MC, Appl Environ Microbiol. 2011



Akkermansia muciniphila 

decreased in obese and was 

inversely correlated with body 

weight in rodents and humans

Akkermansia muciniphila 

treatment improved metabolic 

parameters in obese mice 

models 



 A. muciniphila treatment 

reversed fat gain, serum LPS 

levels, gut barrier function  

and insulin resistance by 

increasing endocannabinoids 

and gut peptides 

 Metformin and RYGB 

surgery increased the 

abundance of Akkermansia 

muciniphila



Diet and Nutritional Support

Caloric amount, minerals, vitamins..

Diet composition (fibers/high glicemic index/saturated fatty acids…)

Removal of predisposing conditions

Treat diabetes, endocrine, other motility disorders..

Surgery or prokinetics when indicated

Stop PPI or other antiacid, NSAIDs, antibiotic, 

immunosoppressant, antidepressant….

Intervention

Antibiotics

Biotherapy Microbiota Transplantation

How can we modulate GUT microbiota?



Specie/Strain(s) specific 

Microbial Therapy

Massive aspecific 

Microbial Therapy

Microbiota Transplantation



Microbial transplantation and Clostridium Difficile 

Van Nood – NEJM 2013

After enrollment of 43 pts the study

was stopped (interim analysis)

 CDI Resolution (pts)

Infusion group: 13/16 (81%) after the

first infusion (2/3 after a second infusion

Vancomycin group: 4/13 (31%)

Vanco + bowel lavage: 3/13 (23%)

P<0.001 (both comparisons with infusion group)

RESULTS
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MICROBIOTA TRANSPLANTATION 

Therapeutical applications

• CDI and other antibiotic resistant GI infection

• IBD and IBS

• Other inflammatory/autoimmune conditions

• NAFLD and other liver diseases

• Diabetes and metabolic syndrome

• Obesity

• GI cancer and Oncohematology

• Neurological and psichiatric disorders

• ….

Borody, Gastroenterol Clin N Am 2013



Hyperinsulinemic clamp

S.I. biopsies

Fecal samples

ALLOGENIC (9)

AUTOLOGOUS (9)

Hyperinsulinemic clamp

S.I. biopsies

Fecal samples

Gut Microbiota infusion 

Random
6 wks

Allogenic Autologous

improvement in 

peripheral insulin 

sensitivity after allogenic 

gut microbiota infusion  

and a trend toward 

improvement in hepatic 

insulin sensitivity



Painting the landascape 

of GUT barrier and role of 

microbiota

Take Home Message



Loosely 

adherent 

mucus layer

Firmly adherent 

mucus layer

Bad 

bacteria

Bile 

acids

Lumen

Recettori 

ionici

Water

Stomach
Duodenum 

and 

Jejunum

Ileum Colon

Adhesions molecules

Immune 
cells

Food 

antigens

Endothelium

And fibroblasts

Nerve and miocytes

Non-Immune 
cells

Food 

antigens

Good 

bacteria



Lumen

Immune 
cells

Endothelium

And fibroblasts

Nerve and miocytes

Non-Immune 
cells

SEVERE LEAKY GUT AND DYSBIOSIS

GASBARRINI A, UNPUBLISHED



Hang EY et al. Microbes and Infection 2013

Leaky gut and microbiota-induced diseases

A better knowledge of this relationship 
will be crucial to understand disease 

pathogenesis and role of diet, 
nutriceuticals, biotherapy, antibiotics 

or novel therapeutical approaches 
such as microbiota transplantation



Dysbiosis

Other Escherichia spp

Fecalibacterium prautnizii

Corinobacteria spp

Akkermansia muciniphila

DIET

PREBIOTICS

ANTIBIOTICS

MICROBIOTA 

TRANSPLANTATION

POSTBIOTICS


